NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 



I 



WARTIME REPORT 



ORIGINALLY ISSUED 

October 1944 as 
Advance Restricted Report L4J05 



WUJD-TUMEL nrVESTIGATIOK OF AN KACA 23021 AIRFOIL 
WITH A O.32-AIRFOIL-CHORD DOUBLE SLOTTED FLAP 
By Jack Fischel and Jolin M. Riebe 



Langley Memorial Aeronautical Laboratory 
Langley Field, Va. 



CASE Flip 
Copy *" 



-«nco-nf nr lET PROPULSION LABORATOW UWMt 



NACA 



WASHINGTON 

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribuUon of 
advance research results to an authorized group requiring them for the war effort. They were pre- 
viously held under a security status but are now unclassified. Some of these reports were not tech- 
nically edited. All have been reproduced without change in order to expedite general distribution. 



L-7 



II AC A AxRR No- L4J05 



RESTRICT.^D 



NATIONAL ADVISORY COMMITTEE FOR AEROMUTICS 



ADVANCE RIISTRICTLD REPORT 



V/IITD-TinTlSEL INVESTIGATION OF AN NACA 25021 AIRFOIL 
V/ITH A 0.52. AIRFOIL-CHORD DOUBLE SLOTTED FLAP 
By Jack Fischel and John M. Rlebe 



SLMMARY 



A?i investigation was made in the L¥AL 7- by 10- foot 
wind tunnel of an NACA 25021 airfoil with a double 
slotted flap having a chord ^2 percent of the airfoil 
chord (0.52c) to determine the aerodynamic section charac- 
teristics with the flaps deflected at various positions. 
The effects of moving the fore flap and rear flap as a 
unit and of deflecting or removing the lower lip of the 
slot were also determined. 

Three positions were selected for the f ore • flap and 
at each position the maximvun lift of the airfoil was 
obtained v/ith the rear flap at the maximum deflection 
used at that fore-flap position. The section lift of 
the airfoil increased as the fore flap was extended and 
maxim.um lift was obtained v/ith the fore flap deflected 50^ 
in the most extended position. This arrangement provided 
a maximiur. section lift coefficient of 5.51^ v/hich v:as 
higher than the value obtained with either a 0.2566c or 
a 0J4OC single-slotted-f lap arran^'ement and O.25 less 
than the value obtained v/ith a O.LiOc double -slotted-f lap 
arrangem.ent on the same airfoil. The values of the 
profile-drag coefficient obtained v;ith the 0.52c double 
slotted flap were larger than those for the 0.256dc or 
0.i4.0c single slotted flaps for section lift coefficients 
betv/een 1.0 and appr oximxately 2.7. At all values of the 
section lift coefficient above 1.0, the O.I|-Oc double 
slotted flap had a lower profile drag than the 0.52c 
double slotted flap. At various values of the maxim^uin 
section lift coefficient produced by various flap 
deflections, the 0.52c double slotted flap gave negative 
section pit ching -moment coefficients that were higher 
than those of other slotted flaps on the same airfoil. 
The 0.52c double slotted flap gave approximately the same 
maximuin section lift coefficient as, but higher profile- 
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drag coefficients over the entire lift range than, a 
similar arrangement of a 0.?0c double slotted flap on an 
NACA 22C12 airfoil. 



TKTRODUCTIOK 



The National Advisory CoTunittee for Aeronautics has 
undertaken an exten'^lve investlf^ation of various high- 
lift devices in order to furnish inforiration applicable 
to the aerodynamic design of wing-flap cornbinations that 
v/ill improve the safetv and performance of airplanes. 
For use in take-off and initial climb, a high-lift device 
capable of producing high lift with low drag is desirable, 
for use in landings,' however, high lift with variable 
drag is believed desirable. Other desirable character- 
istics are: no increase in drag v;ith the flap neutral, 
small change in pitching morent with flap deflection, low 
forces required to operate the flap, and freedom, from 
possible hazard due to icing. 

The results of various investigations on the 
NACA 23021 airfoil are presented in references 1, 2, and 
5. Results for the NACA 25021 airfoil with a single 
slotted flar) having a chord 25.66 percent of the airfoil 
chord (0.2566c) are given in reference 1; results for the 
same airfoil with a 0.40c single slotted flap and with a 
0.40c double slotted flap are given in references 2 ana 3, 
respectively. 

The present investigation, in which tests were made 
of a 0.32c double slotted flap on the NACA 23021 airfoil 
(fig. 1), is a continuation of the investigation reported 
in reference 4 of a 0.30c double slotted flap on an NACA 
23012 airfoil. 



APPARATUS AND TESTS 
Models 



An NACA 23021 airfoil with a 3-foot chord and a 
7-foot span was the basic model used in these tests. 
The ordinates for the NACA 23021 airfoil section are 
given in table T. The airfoil was constructed of lami- 
nated mahogany and tempered wall board and is the same 
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airfoil previously u.^ed for the investigations reported 
in references 1, 2, and .5. The trailing-edge section of 
the model ahead of the flaps was equipped with lips of 
steel plate rolled to the airfoil contour and extending 
hack to the rear flap in order to provide the basic air- 
foil contou.r when the flaps were retracted (fig, 1). 

The double slotted flap consisted of a fore flap 
and a rear flap. The fore flap ( 0. lk67c tested was the 
saine one designated fore flap 3 in the investigation 
reported in reference l\. and had an upper suj?face and 
trailing-edge of dural and a lov;er surface of laminated 
wood. The fore-flap profile is shown in figure 1 and 
its ordinate s are given in table I. The rear flap 
(0.2s66c) tested was the one used in the investigations 
reported in references 1 and 5. Its profile is also 
shown in figijire 1 and the ordinates are given in table I. 

Both the fore flap and the rear flap were attached 
to the main part of the airfoil by special fittings that 
permitted them to be moved and deflected independently. 
Each flap also pivoted about its own nose point at any 
position; increments of 5^ deflection v;ere provided for 
the fore flap and increments of 10^ deflection for the 
rear flap. The nose point of either flap is defined as 
the point of tangency of the leading-edge arc and a line 
dravm perpendicular to the flap chord. ^ The deflection 
of either flap was measured betv/een its respective chord 
and the chord of the main airfoil. The model v/as made 
to a tolerance of ±0.015 inch. 



Tests 

The model was mounted vertically in the closed test 
section of the LMAL 7- by 10-foot tunnel and com.pletely 
spanned the jet except for small clearances at each end. 
(See ref^erences 5 and 6.) The main airfoil was rigidly 
attached to the balance frame by torque tubes that 
extended through the upper and lower boundaries of the 
tunnel. The angle of attack of the model was set from 
outside the tunnel by rotating the torque tubes with a 
calibrated electric drive. This type of installation 
closely approximates two-dimensional flow and the 
section characteristics of the model being tested can 
therefore be determined. 
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A dynamic pressure of l6.57 pounds per square foot 
was maintained for most o."" the tests but, as the flaps 
v:er3 extended and the rear-flap deflection was increased 
to 60^ and 70^, it was" necessary to reduce the dynamic 
press-ure because of the limited power of the tunnel motor, 
'Vith the configuration for m.aximum lift, a dynamic pres- 
sui^e of lJ4..8]4- pounds per square foot was maintained. 
These djraam.ic pressures correspond to velocities of 80 
and ^^.2 miles per hour under standard sea-level con- 
ditions and to average test Reynolds numbers of approxi- 
mately ^ 10^ and 2.l[|.0 X 10^, respectively. 
Because of the turbulence in the wind tunnel, the 
effective Reynolds nun:bers R^ (reference 7) ^'^ere 

approximately 3.6 x 3 0^ and 5.42 x 10^, respectively. 
In each case, R^ is baaed on the chord of the airfoil 
with the flaps retracted and on a tiirbulence factor 
of 1.6 for the LMAL 7- by 10-foot wind tunnel. 

No tests were made of the plain airfoil nor of the 
model with the flaps completely retracted because the 
characteristics of the plain airfoil had previously been 
investigated and reported in reference 1. 

The optimum flap positions for the various flap 
deflections were considered, for pm-'poses of making the 
best selection, to be the positions at which either 
maximum, lift, minimum drag, or minimum pitching moment 
was obtained, although, as previously indicated, a 
variable drag is desired for landing conditions. 

Three positions of the fore flap were selected in 
determining various extended positions of the flaps or 
a possible path for the extension of the flaps. The 
least extended fore-flap position, having a 5^ deflection 
(position 1), and the chordwise location of the inter- 
m.ediate position (position 2) were chosen arbitrarily. 
The location perpendicular to the chord and the 20*^ 
deflection for position 2 were optimum as determined from 
a maximum-lift survey with the rear flap deflected 50^ 
and 600. Because of the D.arge number of tests involved 
in determining the optimum.-lift position of the double 
slotted flap, a preliminary survey was made to determine 
the optimum position and deflection of the most extended 
position (position 3) of the fore flap with the rear flap 
deflected 60^ and 70^ at various positions. Tests were 
thereafter miade with the fore flap at each of the three 
selected positions in order to determine the maximum lift 
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and the optimuin position of the rear flap at several 
deflections. Data were obtained for rear-flap deflections, 
of 10^. 20^, 30^, and 1^0^ at position 1; 50^\ 1^0^, 50^, 
and at position 2; and [:0^, 50^, 60^, and 70^ at 

position 5* Inac,xri-::'.ch as it appeared likely that only 
small rear-flap dt^flections would be ucad v/lth the least 
extended fore -flap position and that only large rear -flap 
deflections would be used with the most extended fore- 
flap position, the tests were confined to these configu- 
rations. In order to determine the effect on the aero- 
dynamic characteristics, tests were also made with the 
lower lip of the slot in its normal position on the 
contour, deflected IQ^ within the airfoil contour (at 
fore-flap position 2"), and com.pletely removed (at fore- 
flap position 5 ) • 

No scale-effect tests were made because the results 
of earlier tests of the NACA 23021 airfoil with a slotted 
flap (reference 1) are considered ar)plicable to the 
results of the present investi3ation. 

An angle -of -attack range from -6^ to the angle of 
attack for maximum lift was covered in 2^ increments over 
most of the range for each test; however, when the stall 
condition was approached the increment was reduced to 1^. 
Very little data were obtained for angles of attack above 
the stall because of the unsteady condition of the model. 
Lift, drag, and pitching moment were measui'Od at each 
angle of attack. 



All the test results are given in standard section 
nondimensional coefficient form corrected for tunnel-wall 
effect and turbulence as exp].ained in reference 6. 



RESULTS AND DISCUSSION 



Coefficients and Symbols 




section lift coefficient (l/qc) 

section profile-drag coefficient (do/qc) 



c 




section pitching -moment coefficient about 
aerodynamic center of plain airfoil 
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m 



(a.c. )oj 



section pitching -moment coefficiont 
at naxiimHTi section lift coefficient 



'max 



"max 

where 
I 



(a.c. ) 



m 

q 

c 

V 

P 

and 



o 



a. 



Of2 
^1 



maximum section lift coefficient 
minimum section profile-drag coefficient 

section lift 
section profile drag 

section pitching moment about aerodynamic 
center of plain eirfoll (fig. 2) 

dynamic pressure ('■^pV'^') 

chord of baalc airfoil with flap fully 
retracted 

velocity, feet per second 

mass density of air 

effective Reynolds number 

distance from aerodynamac center of airfoil 
to center of press^ore of tail, expressed 
in airfoil chords 

angle of attack for infinite aspect ratio 

fore-flap deflection, measured between fore- 
flap chord and airfoil chord 

rear-flap deflection, measured betv;een rear- 
flap chord and airfoil chord 

distance from airfoil upper-surface lip to 
foro-f lap-nose point, measured parallel to 
airfoil chord and positive when fore-flap- 
nose point is ahead of lip 
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Jl distance from airroll upper-surface lip to 

fore-flap-nose point, measured perpen- 
dicular to airfoil chord and positive when 
fore-flap-nose point is below lip 

^2 distance from foro-flap trailing edge to 

rear-flap-nose point, measured parallel 
to airfoil chord and positive when rear- 
flap-nose point is ahead of fore-flap 
trailing edge 

72 distance from fore-flap trailing edge to 

rear-flap-nose point, measirred perpen- 
dicular to airfoil chord and positive 
when rear-flap-nose point is below fore- 
flap trailing edge 



Precision 

The accuracy of the various measurements in the 
tests is believed to be v/ithin the following limits: 

a^, degrees ±0.i 

^^max *0-05 

^^^Ca.c.)^ *0.005 

^d^ ±0.0005 

^min 

'*0(cj = 1.0) 
°^°(o, = 2.5) 

and 5^^^, degrees ±0.2 

Flap position ±0.001c 



No corrections were determined (or applied) for the 
effect of the airfoil or flap fittings on the section 
aerodynamic characteristics because of the large number 
of tests required. It is believed, however, that their 
effect is small and that the relative values of the 
results would not be appreciably affected. 
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Plain Airfoil 

The complete aerodynamic section characteristics of 
the plain NACA 23021 airfoil (from reference 1) are 
presented in figure 2. Since these data have already 
been discussed in reference 1, no further comment is 
"believed necessary. 



Determination of Optimum Flap Configurations 

Maximum lift The results of the maximum-lift inves- 
tigation ""withnEhe* fore flap at each of the three selected 
positions and with the rear flap deflected and located at 
points over a considerable area with respect to the fore 
flap are presented in figiu?es 5 to 3, The results are 
presented as contours of lift coefficient for various 
positions of the rear-flap-nose point at various rear- 
flap deflections. The results show that at each fore- 
flap position, the contours did not close at the smaller 
rear-flap deflections investigated. At positions 1 and 2, 
It is indicated that the open contours would close at 
positions of the rear-flap nose that v\rould be Impracticable 
because of the large gap betv/een the two flaps. 

At each of the three fore -flap positions, as the 

flap deflection increased, the position of the rear flap 

for maximum section lift coefficient Cy generally 

^max 

became more critical - that is, a given movement of the 
rear-flap-nose point caused a greater change in the value 
of Cy . Since the nosltion of the rear-flap nose 
''max 

for On tends to move forward and upward as its 

^max 

deflection increases, the gap between the two flaps is 

reduced. The values of cy obtained at each fore- 

''max 

flap position and the approximate position of the rear- 
flap nose with respect to the fore-flap trailing edge are 
given in the follov/ing table; 



Fore-flap 
position 


Position of rear-flap nose 


"max 


Ahead of lip 
(percent 
airfoil chord) 


Below lip 
(percent 
airfoil chord) 


1 


1 


6 


2.71 


2 


0 


2 


3.06 


5 


2 


3 


'5.51 
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Prom the contours of rear-flap-nose position for 
07 , the best nath to "be followed by the rear flap at 

all deflections within the range investigated, from a 

consideration of c? alone, can be determined. The 

^max 

range of flap positions covered v/as considered sufficient 
to allow for any deviations or compromises from the best 
path. Complete aerodynamic section characteristics for 
the optimum-lift and optimum-drag rear-flap-nose positions 
at each selected fore-flap position are presented subse- 
quently herein. 

Minimum profile drag .- Drag data obtained with the 
fore flap in the three selected positions and the rear 
flap deflected at various positions over a wide region 
are presented in figures 6 to 8. The data are presented 
as drag contours for the rear-f lap^-nose position at 
certain selected section lift coefficients and rear-flap 
deflections. A comparison of the section profile-drag 
characteristics of the plain airfoil (fig. 2) with the 
profile-drag characteristics given in the contours of 
figure 6(a) and 6(b) shov;s that the plain airfoil gives 
the lower drag value at c^^ =^ 1.0. 

Inasmuch as only a very few of the contours v;ere 
closed about indicated optimum-drag positions of the rear- 
flap nose (figs. 6 to 8), it is obvious that a sufficient 
range of rear-flap position was not covered and that the 
true optimum values may exist at some other positions. 
At each of the fore-flap positions, however, it is indi- 
cated that the contours would close at positions of the 
rear-flap nose which v/ould be somewhat closer to the lip 
of the fore flap than the positions tested. As the fore 
flap was extended and as the rear flap was deflected, the 
optimum-drag rear-flap-nose position generally moved 
forward and up, closer to the fore-flap trailing edge. 
More than one region of minimum drag exists at various 
values of section lift coefficient cj and various rear- 
flap deflections and the minimum, drag is seen to be prin- 
cipally a function of section lift coefficient and rear- 
flap deflection and relatively Independent of the fore-flap 
position. In each position of the fore flap, as the 
section lift coefficient or the rear-flap deflection 
increased, the contours generally became more critical or 
closely spaced; that is, a given movement of the rear- 
flap-nose point generally caused a greater change in the 
value of the section profile-drag coefficient c^^ . 
(See figs. 6 to 8. ) ^ 
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Inasmuch as the rear -flap-nose positions for maximum 
lift and minimum drag generally do not coincide, a com- 
promise is necessary. The curves for the complete aero- 
dynamic section characteristics are therefore presented 
for iDoth conditions • 

Pi tching moment a- Contours of section pitching- 
moment coefficient for the rear-flap-nose positions at 
selected section lift coefficients and rear-flap deflec- 
tions are given for each of the three fore-flap positions 
in figures 9 to 11. These contours indicate that an 

increase in the negative value of c^j^ . at a 

( a . c . j Q 

given C7 v;as obtained with increased rear-flap deflection 

and that'the maximum negative values of c^^ were 

( a . c • ; Q 

usually obtained at or near the position of the rear-flap- 
nose Doint for maximum lift at each rear-flap deflection 
(compare with figs. 3 to 5)- At = 50^, bO^, and 70O 

at position 3, however, a decrease in the value 
of c^, was indicated when c. increased, 

^na.c.)^ ^ 

At a given lift coefficient and rear-flap deflection, 
the negative values of pitching moment also increased as 
the fore flap was extended from position 1 to position J. 
It appears desirable therefore to use the minimum flap 
deflection or extension necessary to obtain any given lift 
coefficient. In addition, the contours indicate that the 
position of the rear-flap nose becomes more critical with 
increased rear-flap deflection and lift coefficient. 

With these contours of flap location for c^^^^^^j 

in figures Q to 11, the designer can determine or antici- 
pate the values of c^^^ , to be encountered at a 

( a • c • / Q 

given value of c? within the range of position and 
deflection indicated. 



Aerodynamic Section Characteristics of Selected 

Optimum Configurations 

The complete aerodynamic section characteristics of 
the airfoil with the rear flap at the optimum-lift and 
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optimum-drag positions at each flap deflection and at 
each of the three fore-flap positions are presented in 
figures 12 to ll_|.. The consecutive flap-nose positions 
as increases are indicated in the figures "by those 

key symbols that are connected by dashed lines • The 
lift-curve slopes decreased with increased rear-flap 
deflection, although at rear-flap deflections below 50^^ 
the lift-curve slope v;as sometimes as much as 0.05 greater 
than that of the plain airfoil. At each fore -flap 
position, the angle of attack for maximuin lift usually 
decreased with increased rear-flap deflection but in some 
instances remained fairly constant. 

At position 5 (fig. 1^4-) and Sf^ = 50^, the position 
of the rear flap for maximum lift and minimum drag coincide 
Irregularities in the curves at the larger flap deflec- 
tions (figs, 12 to li;) indicate changing flow conditions. 

At the small rear-flap deflections and lift coeffi- 
cients, the slopes of the pitching-moment curves were 
negative and, at high flap deflections and lift coeffi- 
cients, v;ere usually positive; smaller negative values 

of Cj^, > were therefore sometim.es obtained with a 
( a . c . ; Q 

large flap deflection than with a small one at high lift 
coefficients. (See figs. 15 and llj.. ) 

In crem.ent of maxim.um section lift coefficient .- The 

increment of the maximum section lift coefficient ^^l^^ax^ 

based on the value of c? of the -olain airfoil, 

^max 

increases as the rear flap is deflected and as the fore 

flap is extended (fig. 15). At each fore-flap position, 

the values of Ac? are higher for the optimum-lift 

^max ^ 

position than for the opt imumi-drag rear-flap position, as 
was anticipated. 

The maximum increm.ent of lift coefficient obtained 
was at position 5 with 6^^ ~ 70^> where a value of 1.9^ 

is indicated. The scale effect on the values of Aci 

^max 

was not investigated but it is expected that the values 
would increase slightly with Rejmolds number with the 
0.52c double slotted flap as did the values for the 
single-slotted-f lap arrangem.ent s of references 1 and 6. 
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Envelope polar curve s .- The envelope polar s of 

section profile-drag coefficient c^ at each fore-flap 

o 

position, obtained from figures 12 to II4. for the optimum- 
lift and optimum-drag configurations, and the polar of 
the plain airfoil are presented in figure 16. These 
curves indicate the c^ available at any when 

^min 

the rear flap is located to give c^ (fig. l6(a)) 

^max 

and c^ (fig. 16(b)). 

^min 

For both the maxim.um-lif t and minim.um-drag configu- 
rations (fig. 16), the plain airfoil gives the lowest c^^ 

for values of c^ less than 1*5, and for values of c^ 

above 2.6 the lov/est value of c^ is indicated at 

^o 

position 5 • 



Comparison of Flap Arrangements 

When the lift-drag characteristics of the 0.2566c 
and Oj-|.Oc single slotted flaps (references 1 and 2) and 
the O.LOc double slotted flap (reference 3) are compared 
with those of the optimum- lift and opt imiom-drag configu- 
rations of the 0.52c double slotted flap (fig. I7), it 
is apparent that the O.i^-Oc double-slotted-f lap arrange- 
ment produced the highest lift coefficient ( c^ = 3»56) 

on the MCA 23021 airfoil. The c. obtained with 

max 

the 0.52c double slotted flap is considerably higher than 
that obtained with either single slotted flap but it is 
approximately 0.2 5 less than that of the 0.ij.Oc double 
slotted flap. 

The 0.52c double slotted flap had a larger c^ 

o 

than either single slotted flap for values of Cj 

between 1.0 and approximately 2.7 and had a larger 

Or) than the O.liOc double-slotted-f lap arrangement at 
'^o 

all values of above 1.0. 

The 0.52c double-slotted-f lap arrangement had values 
of c^ for the envelope polars that differed by 
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about 0,02 for the opt im-um-drag and opt Imum- lift configu- 
rations at a value of C7 of about 2,5, At values of C7 

less than 1.5 and greater than J.l, however, the two polar 
cin^ves practically coincide. 

When the polar s of the 0.32c double-slotted-f lap 
arrangement on the NACA 2^021 airfoil are compared with 
a similar arrangement of a O.JOc double slotted flap on 
the ITACA 25012 airfoil (reference l^) , it is apparent that 
the Cy obtained with each is approximately the same 

(fig, 18). The values of c^ , however, are higher at 

^o 

all values of c^ for the arrangement on the 21-percent- 

thick airfoil than for that on the 12-per cent-thick air- 
foil but the relation betv/een optimum-lift and optimum- 
drag configurations is about the same for each arrangement. 

A further comparison of the various slotted-flap 
arrangeznent s on the MCA 25021 airfoil indicates that a 
fairly linear variation exists for each arrangement at a 
given flap conf igui-^ation betv/een the c, and 

_ ^ i^ax 

the ^ 



""^^(a.c.)^ 



(fig. 19) and this variation 



max 

appears dependent on the flap arrangement. _The O.^^-C 
double slotted flap gave higher values of 



^7 
^max 



at any value of C7 than any of the slotted flaps. 



Inasmuch as there will be a tail load required to 
trim the negative pitching moment of the v/ing of an air- 
plane, the loss in maximum section lift coefficient in 
trimming the airfoil section pit ching -moment coefficient 
has been calculated, for the case when the center of 
gravity is at the aerodynamic center of the plain airfoil, 
from the following expression and is indicated in figure 19: 



P^(a.c.)o] 



c 



Loss of C7 

^max 



max 



The loss in Ci has been presented for tail lengths 
^max 

of 2, 5, and 5 airfoil-chord lengths and, by means of the 

curves of figure 19, the effective On can be 

^max 

dsterm.ined. 
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Effect of Various Modifications on the Aerodynamic 

Section Characteristics 

Effec t of moving the tw o flaps a s a unit . - The 
effect on the aerodynamic section characteristics of 
moving the fore flap and rear flap as a unit perpendicular 
and parallel to the airfoil chord is shovai in figui'-es 20 
and 21, respectively. A 0.01c displacement downward of 
the flaps, perpendicular to the chord, was quite critical 
in that a large decrease in lift and an increase in drag 
resulted (fig. 20). Figure 21 indicates that a movement 
of the flaps parallel to the airfoil chord had a consid- 
erable effect on the aerodynamic characteristics; that is, 
at positions of the fore flap downstream from x.-|_ - O.7O 
(position 5), large decreases in lift and increases in 
drag resulted and unsteady flow conditions existed. A 
comoarison of figures 20 and 21 with the contoTirs of 
fio-ures )+ and 7 and 5 and 8, reapeccively, indicates that 
the position of the fore flap is more critical than the 
position of the rear flap. 

Moving the two flaps approximately as a unit from 
position 1 to position 2 and then to position 5 along two 
different naths, A and B, gave an increase in lift, 
drag, and pitching moment. (See figs. 22 and 23.) Since 
the model fittings only allowed increments of 10*^ for the 
deflection of the rear flap, it viras not possible to have 
a of 55° for figure 22 and a fi^^ of k5 i^or 

fig-arc 25 at position 1. Although motion of the two 

flaps as a unit is only approximately simulated, fig\apes 22 

and 23 are thought to be sufficiently illustrative. 

Effect of the airfoil lower lip .- The effects of 
deflecting the lower lip of the airfoil from its normal 
position at fore-flap position 2 and of removing the 
lower airfoil lip at position 3 are shown in figures 2ij. 
and 2S, respectively. Deflecting the lip upward I90 
decreased c, and increased c^i over most of the 

I' o 
angle-of -attack range, possibly because of the poorly 
shaped slot entry ahead of the fore flap when the lip is 
deflected. On the other hand, removing the lip at the 
extended fore-flap position (fig. 25) had a slightly 
favorable effect on tlie aerodynamic section character- 
istics at low values of c. , hy causing a reduction in 
the profile drag, and a slightly adverse effect at high 
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values of Cj . Such a result Indicates that a smoother 
slot entry ahead of the flaps may he desirable, provided 

it does not reduce the values of c? available. 

^max 

Although no data were obtained at small flap deflections, 
it is probable that the smoother slot entry would be even 
more favorable under such conditions. 



CONCLUSIONS 



An investigation was made in the LMAL 7- by 10-foot 
tunnel of an NACA 23021 airfoil with a double slotted 
flap having a chord 52 percent of the airfoil chord (0.52c) 
to determine the aerodynamic section characteristics v/ith 
the flaps deflected at various positions. The results of 
this investigation shov\r that: 

1. The 0.52c double slotted flap on the NACA 25021 
airfoil gave a maximum section lift coefficient of 5«51j 
which was larger than the value obtained with the O.256DC 
or O.I|_Oc single slotted flaps and 0.2S less than the value 
obtained with the 0.i|Oc double slotted flap on the same 
airfoil. 

2. The values of the profile-drag coefficient obtained 
with the 0.52c double slotted flap were larger than those 
for the 0.2566c or O.iiOc single slotted flaps for section 
lift coefficients between 1.0 and approximately 2.7. At 
all values of the section lift coefficient above 1.0, the 
present arrangement had a higher profile drag than the 
Clj-Oc double slotted flap. 

5. At a given value of the maximum section lift 
coefficient produced by various flap deflections, the 
0.52c double slotted flap gave negative section pitching- 
moment coefficients that were higher than those of other 
slotted flaps on the same airfoil. 

Ij.. The 0.52c double slotted flap gave approximately 
the sam_e maximum lift coefficient as, but higher profile- 
drag coefficient over the entire lift range than, a 
similar arrangement of a 0.50c double slotted flap on an 
NACA 25012 airfoil. 

5. Moving the flaps slightly from their optimum 
positions sometimes proved critical and resulted in a 
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large increase in drag and a redaction In lift. The 
position of the fore flap appears to he r.ore critical 
than that of the rear flap. 

6. Deflecting the lower lip of the airfoil 19° 
upward generally decreased the section lift coefficient 
and increased the section profile-drag coefficient over 
most of the angle-of -attack range; removing the lip at 
the extended fore -flap position reduced the profile drag 
slightly in the lower -lift range hxxt was slightly 
unfavorable at high section lift coefficients. 
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TABLE I 



ORDIMTES FOR AIRFOIL P.WD FLAPS 
Stations and ordinate s in percent of airfoil chord"] 



NACA 23021 airfoil 


1 

Fore flap 


Rear flap 


Station 


Upper 
surface 


Lower 
surface 


Station 


Upper 
surface 


Lower 
surface 


Station 


Upper 
surface 


Lower 
surface 


0 

1.25 
2.5 

S 

7.5 

10 

15 

20 
25 

60 
70 
80 
90 

95 
100 


n 

7.93 
9.13 
10.03 

11.19 
11.80 
12.05 
12.06 

11. [^9 
10.40 

8.90 
7.09 
5.05 
2.76 
1.55 

.22 


0 

-2.08 

-3.1I+ 

4.52 

-5.55 
-6.52 

-7.51 
-8.50 
-8.76 

-8.8^ 

-7.07 
-5.72 
4.13 
-2.50 
-1.30 
-.22 


0 

1.39 
2.78 

^..17 

5.5,6 

8.33 
9.72 
11.11 
12.50 

13.89 
4.67 


0 

1.72 
2.11 
2.28 
2.30 
2.li|. 
1.92 
1.61 
1.25 

.806 

.306 

° 1 


0 

-1.75 
-1.97 
-1.78 
-1.22 
-.528 
.222 
.667 
.722 

.167 
-.052 


0 

.32 
. ok 
1.28 
1.93 
2.5,7 
5-4 
7.70 
10.27 

12.83 
15.I1-O 
17.96 
20.53 
23.10 
25.66 


-0.55 

C Q 

1. 08 
1.89 

hi 

5.99 

5-42 

2.83 
2.21 
1.56 
.90 
.22 


-0.^5 
-1.81 
-2.30 
-2.88 
-3.28 
-5.53 
-3.91 
-3.79 

-2.8)1 
-2.36 
-1.86 

-1.55 
-.81 

-.22 


L.E. radius: I.58 
Center of L.E. radius 
located on chord line 




L.E. radius: 2,89 
Center of L.E. arc: 
Upper surface, 2.89 
Lower surface, -O.55 


L.E. radius: i+.85 
Slope of radius through 
end of chord; O.505 
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Fig. 1 
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F/^ure. /.- Sections of the A/A CA 23021 
airfoil and tfie 0.3Z c double, slotted 
flap. 



Fig. 2 
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Figure 5r Contours of reor-f/ap position for Q^^^. Position I ■6f,'S"-x,-S,70-y^^.-i-S.CVo/ue3 ofx,^y,ore 
gi^en in pcrrent o/rfo/'t chord.) 
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e 6 ^ £ O -£ -0 
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(d)s^.^eo\ 



Figure 4rCor^f ours of rear-f/op position for Posmor^a, 6rr20', xr^.70j i;,--^.^S.(V^/ues of x„y, ore 

gii/en in percent o/rfo// chord.) 
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Percent airfoil chord 
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n^ure6r Contours of rear-flap pos/t/on for Q , Position! ■ 6f ^S" ■ z -S.TO ■ y,«J.^S. 
(Va/u<zs ofz^^y^ are gii^en in percent a/rfo/i ^c/iorc/J 
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r<2 7r Contours of rear- flap pos/t/or? forCw^.Po3/f/on£:6f =eo'':Xy=^70jy-a.^S. 
fVa/ues ofz^^y^are ^/'iren //? p<?rcer7f o/rfo//^ chore/. J ' 
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Figure Z-Concfuc/ed. 



Fig. 8a 
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-Z -4' 

Percent oirfo// chord 
(c) Q » 8.^^ 5^-^0\ 



O -& -4- 

Percent airfoil cnord 
(a) c^' 3.0 J \ '^0\ 



n gore Sr Con toorsS of mor-f/c^jo pos/tior? for FbsitionJj 6f ^^O^jX,- 07O jy^^ 2.'^S.f\/o'/ae3 
^ijVi ^ii^en m percent o/nfo/7 chord.) ' 
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Percent airfoil chord 
(g)c^* ^.5-^ 70'. 
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Figure 9r Contours of rear- flop position for c^r,^^^, .Position Ij6f;SjXi'd70j^'-3.4S./Va/ues 
otXfjy, ore giren in percent oirfo/7 chord.) ' 
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Figure 9.- C one fud^sd . 
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3 6 'P & O -A-'^ - 

Percent oirfoil chord 
(b) C^- £.0; 5^^ = v30*. 
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Figure /Or Contours ofrear-f/ap posit/on for c^/-^^. . Pos/fion <B: Sf=^0''z,'^.70-z/=£/fS. 
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FigfUrQ /Or Concluded . 
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Fig. 13a 
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Fig. 13b 




Fig. 14a 
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Section lift coefficient, c^ 
(b) Rear- flap pojitions for Cd^^ni^^ 
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Section lift coefficient^ c^ 

Figure /8r Compar/son of sectfo/y profile -cfrog coeffic/enfs for 
3imi/orcfouiDle-6/ofted-flap arrange ^e/yfs on fhe /VAC A 
and A/AC A oirfoiis. 
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Fig. 25 
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